Objective To test the hypothesis that in patients with spontaneous intracerebral hemorrhage (ICH), perihemorrhagic edema to hematoma ratio (rPHE) on admission CT scan (aCT) is unaffected by home statin use when time from symptom onset to aCT is controlled for.
Methods
In a single-center prospective cohort of 176 consecutive ICH patients, 2 investigators independently determined hematoma and perihemorrhagic edema (PHE) volumes by using semiautomated validated software. rPHE were dichotomized at the median ratio (>0.75 vs ≤0.75). We used binary logistic regression to test for associations with rPHE.
Results
In patients using statins as home medication before hospital admission (n = 38) compared to patients without prior statin use (n = 138), median PHE volumes were 15. 
Conclusion
Use of statins before hospital admission for ICH is not associated with reduced rPHE on admission CT. In future studies, imaging timing relative to ICH onset needs to be controlled for in order to avoid confounding.
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NPub.org/cmelist Relative perihemorrhagic edema (PHE) size (edema to hematoma ratio [rPHE]) on admission CT (aCT) as well as peak PHE during the hospital course have been associated with functional outcomes at 90 days in patients with intracerebral hemorrhage (ICH).
1,2 These findings make PHE a candidate target for interventions aiming to improve outcome after ICH. 1, 3 One potential modifier of PHE are statins, which were shown to decrease the extent of PHE on aCT in patients who used them before ICH onset, but this finding was not reproducible across studies. 4, 5 Notably, in these studies the symptom onset to aCT time interval was not controlled for. In patients with ICH, the bleed and PHE sizes as well as presence or absence of ICHassociated intraventricular hemorrhage (IVH) on aCT are dependent on CT timing. 6, 7 This study was conducted to test 2 hypotheses: that (1) prior statin use is not associated with rPHE and (2) ICH-onset-to-CT timing drives rPHE on aCT.
Methods
Patient selection and data collection
We retrospectively analyzed patient data from a prospective cohort of patients with nontraumatic ICH. Trained study investigators prospectively collected all demographic and clinical data, including outcome variables.
From September 2009 to October 2012, hematoma and edema volumes were routinely measured in all patients admitted during this period. We used the same methodologies regarding data collection and PHE/hematoma measurements as the ones employed in previous studies. 3, 6 Two investigators blinded to clinical variables measured admission hematoma and PHE volumes using MIPAV software package (V.4.3; NIH, Bethesda, MD). We averaged independent observer results. Intraclass correlation coefficients were 0.97 for hematoma volume and 0.88 for PHE volume.
Neuroimaging and semiautomated volumetric measurements
The assessed radiographic variables included hematoma location and boundaries, PHE boundaries, and presence of IVH. The treating neurointensivists determined the presumed etiology of each ICH by consensus during weekly meetings, based on a combination of demographic/clinical data and radiographic appearance.
Standard protocol approvals and patient consents
The institutional review board approved the study. Written informed consent was obtained from patients or family members.
Statistical analysis
We used SPSS software for analyses (version 24; SPSS, Chicago, IL). Data are shown as median and interquartile range or percentages. We used χ 2 or Mann-Whitney U tests to assess for differences between groups. First we compared patients who had used statins before their admission as a home medication with those who did not use statins as assessed for each patient as part of our prospective database. We then compared patients with a large edema to hematoma ratio with those with a small ratio. The cutoff was chosen at the median ratio of 0.75 (≤0.75 vs >0.75, edema volume divided by hematoma volume). Next we entered factors that were different among groups in univariate analyses in a binary logistic regression model to test for associations with rPHE. As a secondary analysis, we stratified the cohort by absolute edema volumes, dichotomized at the median (>11 vs ≤11 mL). For continuous variables entered in the regression analyses, the following increments were used: time per hour, age per year. We set the statistical significance level at p < 0.05.
Data availability
All relevant data are presented within the article and its supporting information files. Additional information can be obtained upon request to the corresponding author. Table 1 shows baseline characteristics of ICH patients with (n = 38) and without (n = 138) prior statin use. rPHE was not different between the 2 groups (p = 0.79).
Results
Relative edema volumes
To assess for factors associated with rPHE, we then separated the cohort by rPHE, dichotomized at the median, into patients with large rPHE and those with small rPHE (table 2) . Both groups had similar proportions of premorbid statin use (p = 0.90).
In a binary logistic regression model, longer time interval between symptom onset and aCT and absence of IVH on aCT were associated with larger rPHE, while premorbid statin use was not (table 3) .
Absolute edema volumes
As compared to patients with small PHE (n = 87), patients with large PHE (n = 87) on aCT had similar proportions of statin users among them (21.8%, each group) and larger hematoma volumes (median 38 vs 7.22 mL, p ≥ 0.001). Patients with large PHE were older (70 vs 61 years, p = 0.034) and had a higher proportion of lobar bleeds (23% vs 9%, p = 0.006).
Glossary aCT = admission CT; ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage; PHE = perihemorrhagic edema; rPHE = perihemorrhagic edema to hematoma ratio.
aCT timing, presence of IVH on aCT, and rate of hematoma expansion were not different between the groups. In a binary regression model, older age (OR 1.059, CI 1.005-1.116, p = 0.03), larger hematoma volume (OR 1.284, CI 1.176-1.402, p < 0.0001), and longer time to aCT (OR 1.118, CI 1.010-1.237, p = 0.03) were associated with larger PHE, while prior statin use and hematoma location were not.
Discussion
In a prospective cohort of patients with spontaneous ICH, we found that the use of statins before admission does not affect the rPHE on aCT. We furthermore found that a shorter interval between symptom onset and aCT and the presence of IVH on aCT were associated with smaller rPHE. These findings confirm our primary null hypothesis as well as our secondary hypothesis.
PHE in patients with ICH is a promising treatment target with the potential to improve outcomes. [7] [8] [9] [10] However, many studies do not account for timing of aCT, which may confound results. Choosing a study design in which we controlled for CT timing, we here answered the open question whether statins have a primary prophylactic effect on PHE or not. In a prior study that demonstrated a beneficial effect of statins on PHE, the authors did not control for CT timing and results could not be reproduced since publication. 4 A prior study has connected peak PHE with clinical outcome at 90 days. 2 Data on peak PHE were not available in our cohort. Peak PHE is defined as the largest PHE on any CT scan during hospital admission, oftentimes the larger of only 2 volumetric measurements. CT timing relative to symptom onset is usually left to chance. Therefore we do not expect to see an effect of statins on peak PHE. However, this hypothesis needs testing in future studies.
Recent data from the multicenter ERICH cohort showed that statins are associated with improved outcomes in patients with ICH, but it was unclear how this effect was mediated. Edema volumes were not available in that study. 5 In our relatively small patient cohort, we did not find that patients who had been on a statin prior to developing ICH had better outcomes than those patients who had not been on a statin (table 1). Our findings suggest that, if there is a potentially beneficial effect of statins on outcome in patients with ICH, reduction of PHE is likely not the mediator. 11, 12 Our finding that rPHE is dependent on CT timing mirrors what is also known to be true for hematoma expansion. 6 A large exploratory study had already suggested the correlation between imaging timing and edema extension, which our study now confirms based on an a priori hypothesis. 7 Less intuitively understandable is our robust finding that the presence of IVH, which might be interpreted as an indirect sign of advanced ICH expansion, was associated with smaller rPHE. 6 One may expect that a fully expanded hematoma might be associated with a larger rPHE, but our data show the opposite. A possible explanation is that most hematomas compared to edema expand earlier relative to ICH onset. 6, 7 Thus IVH could be an indicator of an early and rapid ICH expansion, which may not leave space or time for a proportionally large edema to develop.
In our study, older patients had larger absolute PHE volumes, in line with a recent publication. 2 It is possible that older age, mediated by relative brain atrophy, facilitates PHE expansion.
Our study has several limitations. First, this is a retrospective analysis of a prospective cohort. Second, PHE volumes were routinely measured only from 2009 to 2012. Clinical care and guidelines have undergone changes since, which may have affected our results. Third, the cohort was unselected but from a single center and relatively small, limiting the generalizability of our results. To achieve optimal statistical power, we dichotomized edema data at the median, but it is unclear if this is biologically or clinically meaningful, as well. Fourth, type and dosage of statins are not documented in our prospective dataset.
In patients with ICH, statin use before hospital admission is not associated with the extent of PHE, which seems to depend on aCT timing relative to symptom onset and presence or absence of IVH. In future studies on PHE, aCT timing needs to be controlled for, to avoid confounding.
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